A key strategy in reducing water quality impacts into the Great Barrier Reef is to change farm management practices to limit the creation of pollutants or their transmission off farm. However, designing programs to improve adoption in agriculture of Better Management Practices (BMPs) can be challenging because of heterogeneity among landholders and between farms and farming systems. This is relevant to broader issues in the adoption literature where a focus on identifying factors influencing and heterogeneity in adoption have rarely transferred through to analysis and prediction models suitable for policy purposes. In this case study these issues have been tested with sugarcane farmers in Queensland, where the current policy settings are targeting increases in adoption of better management practices from 34% in 2011 to 90% by 2018. The main goals of the study were to identify how rates of adoption for different practices might be explained by (a) the motivations of farmers (b) potential barriers to adoption (c) farm characteristics and (d) financial drivers. The results confirm that measures to improve BMP adoption are complicated by heterogeneity in adoption drivers between practices and across groups of landholders, creating challenges to find effective strategies to encourage adoption.
Introduction
There is substantial interest in Australia in reducing environmental impacts from agriculture by improving management practices (Pannell et al., 2006; Whitten et al., 2013) . A key challenge is to understand the factors driving adoption of new practices, including the social dimensions of practice change (e.g. Cary et al., 2002; Pannell et al., 2006; Cary and Roberts, 2011) . While most reviews of adoption practice highlight the importance of net private returns as a core driver (e.g. Pannell et al., 2006) , the relevant literature is notable in the extent of different different influencing factors that have been identified. For example, Australian studies have noted that factors such as farm characteristics, practice types, trialability, management values, attitudes and norms, and socio-economic characteristics can be just as important as expected profitability in explaining adoption (Pannell et al., 2006; Morrison et al., 2012; Price and Leviston, 2014; Greiner, 2016) .
The focus of much of the agricultural adoption literature to date has been on the identification problem, where the challenge has been to determine which factors influence farmer decisions to improve productivity (e.g. Prokopy et al., 2008; Baumgart-Getz et al., 2012) or adopt conservation practices (e.g. Pannell et al., 2006) , as well as to identify the heterogeneity in landholder choices and drivers (Cary et al., 2002; Morrison et al., 2012 ). The more difficult task is to move from identification to analysis and prediction, as it is the relative importance of factors influencing adoption that is the more critical information for designing policy interventions. While there has been some developments of conceptual frameworks to underpin analysis (e.g. Price and Leviston, 2014) , practical applications remain limited.
The case study of interest for this paper are agricultural land uses in Queensland, Australia that contribute pollutants to the Great Barrier Reef (GBR), with sugarcane production the dominant source of nutrients and pesticides (Brodie et al., 2013; GBRWST, 2016) . A key strategy in reducing water quality impacts from agricultural production is to change farm management practices to limit the creation of pollutants or their transmission off farm (GBRWST, 2016) . There are a number of different mechanisms available to help farmers adopt Best or Better Management Practices (BMPs), including mechanisms that change attitudes (e.g. education programs), mechanisms that improve information (e.g. extension programs), mechanisms that improve technology (e.g. research programs), mechanisms that provide incentives to change behaviour, and regulatory programs (GBRWST, 2016) .
The sugarcane industry within catchments to the GBR involves around 3777 growers farming 400,000 ha of land (State of Queensland, 2015) . Given the importance of voluntary adoption and participation to achieving pollution reduction, the Australian and Queensland Governments now explicitly target rates of adoption of BMPs by landholders as key program outputs (State of Queensland, 2014; GBRWST, 2016) . The approach taken is to classify by farmers (or farms) by broad level of adoption of BMPs in an A,B,C,D framework that groups practices from Aspirational Best Practice/Lowest Risk (A) to Traditional Practices/High Risk (D) (State of Queensland, 2014) . Under this approach the area of land under different levels of management practice are assessed and tracked over time to measure adoption change.
Heterogeneity in drivers means that farmers may be at a certain practice level for very different reasons; i.e. farmers might use traditional practices because of habit and customs, a lack of capital to change, or poor information about alternatives. In this example, very different policy mechanisms would be needed to change behavior (e.g. education, access to capital, extension). Policy solutions may be even more complex for heterogeneity within farming systems where each farmer has varying mixes of poor to excellent practices. In this case programs might need to be more atomistic and tailored to different elements of each farming system rather than being standardized across a farming district.
These issues are explored in this paper with an application to the adoption of BMPs in the sugar industry in Queensland. Substantial public funds have been allocated through the Reef Rescue program to improving landholder adoption of BMPs in efforts to reduce pollutants to the GBR. The sugarcane industry is a key focus of attention because high transmissions of nutrients (from fertilizer applications) and agricultural chemicals are impacting on water quality, exacerbated by the close proximity of farming along the coast to the inshore reef (Brodie et al., 2013; GBRWST, 2016) . The targets for adoption change are ambitious, with the expectation that 90% of sugarcane will be using BMPs by 2018, up from 34% in 2011.
Currently the literature on quantifying adoption drivers for improved land management practices in GBR catchments is very limited. Greiner and Gregg (2011) provide some empirical evidence about how farmer motivations are linked to practice adoption and potential policy instruments, while Emtage and Herbohn use a market segmentation approach to categorise farmers in the Wet Tropics region. Greiner (2016) reports the use of a choice experiment to understand how cattle producers in northern Australia might be involved in biodiversity conservation contracts, while Rolfe and Gregg (2015) used factor analysis on survey responses from graziers in GBR catchments to classify them into different adoption groups.
The research reported in this paper explored the relative importance of different drivers of BMP adoption across landholders and practices to identify the extent of hetegeneity in drivers and implications for policy mechanisms. The contribution to the literature is the assessment of heterogeneity in adoption drivers between and within farms, as distinct from the more standard approach of identifying factors that limit or enhance adoption in particular systems. The paper is structured as follows. Relevant BMPs and literature relating to BMP adoption are outlined in the next two sections, followed by the case study and results in section four, and conclusions in section five.
Better management practices in the Great Barrier Reef catchments
There have been a number of investments in Reef Programs and Reef Initiatives funded by the Australian and Queensland Governments since 2003 , with nearly $1billion committed between 2009 and 2018 (GBRWST, 2016 . Most have been specifically designed to reduce agricultural pollutants damaging the GBR from a number of catchments and industries ( Fig. 1) , as well as to increase landholder adoption of BMPs.
Examples of BMPs relevant to the sugarcane industry in GBR catchments include controlled traffic permanent beds, zero till rations, legume fallow, soil testing each cycle, nutrient rates block specific, sub-surface nutrient application, and herbicide application based on pressure and timed for stage of growth and rainfall. Dated practices include cultivation of block prior to planting and for weed control in plant cane, applying nutrients at the same rate across all blocks in a single surface application and having one pesticide strategy for whole farm based on historic rates. The categorisation of practices is dynamic and has been adjusted over time to take into account innovation and changes in industry standards and legislation.
There have been several reports and studies over the years that have focused on the adoption of BMPs in the GBR catchments (e.g. Lockie and Rockloff, 2005; Greiner et al., 2007) . From 2009 the assessment of adoption rates has been incorporated into Report Cards for the GBR prepared by the Queensland and Australian governments. The first Report Card (State of Queensland, 2011) set the 2009 baseline, and identified that BMPs involving cutting edge (A class) or best management (B Class) were used by 36% of sugarcane growers for nutrient practices, 7% for pesticides and 19% for soil management. This had risen to 40%, 23% and 15% respectively by 2010 (State of Queensland, 2013a), and to 45%, 28% and 20% respectively by 2011 (State of Queensland, 2013b) .
From 2009 the focus of reporting changed from the number of farmers adopting BMPS to the area of sugarcane land that was managed under BMP conditions. In the 2014 Report Card (State of Queensland, 2014) it was estimated that 13%, 30% and 23% of sugarcane lands involved BMPs for nutrients, pesticides and soil respectively, increasing to 15%, 32% and 23% in the 2015 Report Card (State of Queensland, 2015) . Overall 23% of sugarcane lands were under BMPs in 2015, compared to the target of 90% by 2018. GBRWST (2016) noted that on current trends transformational change in adoption rates will be needed to meet various targets for water quality improvements.
Identifying factors that are relevant to adoption
Triggering widespread adoption of BMPs is often challenging, and substantial research effort has been applied to understand what factors underpin farmers' choices to adopt BMPs or participate in agri-environmental schemes that promote BMPs (Cary et al., 2002; Pannell et al., 2006; Knowler and Bradshaw, 2007; Prokopy et al., 2008; Baumgart-Getz et al., 2012) . Pannell et al. (2006) classified the drivers into two broad groups: those relating to social, cultural and personal factors, and those relating to the practices themselves. Much of this work has its roots in an older literature on farmer adoption of practices to improve production, given the commonality of factors and motivations.
There have been a number of studies that have examined adoption of BMPs in the GBR catchments. These include studies that identify factors by region (Greiner et al., 2009; Greiner and Gregg, 2011) , landholder characteristics, goals and attitudes (Productivity Commission, 2003; Lockie and Rockloff, 2005; Marshall et al., 2011; Emtage and Herbohn, 2012; Rolfe and Gregg, 2015) and financial drivers and premiums required (Roebeling et al., 2009; Rolfe and Gregg, 2015) . Factors that have been identified to explain slow adoption in GBR catchments include: A challenge for policy makers who want to increase adoption of BMPs to generate net public benefits is to select appropriate policy mechanisms. The conceptual framework of Pannell (2008) helps to illustrate the issue (Fig. 2) . He recommended that the choice of policy instruments be linked to the mix of public and private net benefits. As improvements in water quality will generate public benefits, and as most farming changes are expected to have positive to slightly negative effects on profitability, the relevant areas are the upper right hand quadrant extending across into the upper left hand quadrant. This matches public policy to date, where various information, extension, incentive and regulatory approaches have been used (GBRWST, 2016) .
Heterogeneity in the private benefits of changing management practices may be an important explanation of small improvements in adoption rates. The oval shape in Fig. 2 illustrates the two types of heterogeneity of interest. Large variation in the mix of private and public benefits across farms mean that individual farmers might be at different locations in the oval; this would explain why a particular poicy instrument might only attract a small subset of farmers. As well, variation within a farming system might mean that there is a mix of public and private benefits at the practice level; this implies that for each farmer a particular policy instrument might only be relevant to specific practices. To set policy mechanisms effectively, information about the variability of factors across landholders and practices may be just as important as identification of key factors. These issues are tested in this study.
Case study
The research involved a survey of sugarcane growers conducted at 10 workshops held in the priority catchments of Wet Tropics, Burdekin and Mackay Whitsundays in March and May 2013. Sugarcane growers were invited to the workshops through contact lists provided by the Queensland Department of Agriculture, Forestry and Fisheries (QDAFF) and Reef Catchments (the latter only in the Mackay-Whitsunday region). Farmers self-selected attendance at the workshops, so the final sample is better characterized as nonrandom and biased towards growers who are adopters. A total of 55 surveys were completed during the workshops, 38 from the Mackay-Whitsunday region, 8 from Ayr and 9 from Tully.
The main goals of the study were to identify how rates of adoption for different practices might be explained by (a) the motivations of farmers (b) potential barriers to adoption (c) farm characteristics and (d) financial drivers. Growers were asked in the survey to rate the importance of a series of statements in each category from 1 (least important) to 10 (most important), as well as providing information about their farm and management practices. The questions related to 11 specific management practices identified as strategic BMPs by van Grieken et al. (2013a,b) , as summarized in Table 1 .
Rates of adoption
An initial focus of the survey was to identify levels of practice adoption. This was important to establish the key variables of interest for the subsequent analysis. Table 2 displays adoption rates of surveyed BMPs as a proportion of landholders surveyed. Across all regions, sub-surface application of nutrients (89%), use of directed herbicide application equipment and appropriate nozzles (85%) and herbicide rate varies between blocks with consideration of weed pressure (80%) had the highest rates of adoption. The BMPs with the lowest rates of adoption were variable nutrient rates within blocks (31%) and use of precision and directed herbicide application equipment (35%). The rates of adoption from this survey sample are higher than those in the third Reef Rescue report card (Table 2) , which may be a reflection of the non-random and self-selecting bias in the sample.
Goals and motivations of canegrowers
The literature suggests that the goals of farmers have a large influence on adoption (e,g. Emtage and Herbohn, 2012; Greiner and Gregg, 2011; Moon and Cocklin, 2011) . In their survey of the Wet Tropics, Emtage and Herbohn (2012) used management objectives (business, environment, lifestyle) and the primary purpose of land ownership (agriculture, conservation, hobby/lifestyle, residential) to identify landholder types with respect to BMP adoption and engagement with NRM programs. They found the strength of a farmers business focus as a management goal to be positively related to the adoption of agricultural industry BMPs and those with a focus on the environment tend to have the highest adoption of vegetation management BMPs (Emtage and Herbohn, 2012) . Two questions in this study were used to explore the goals and motivations of landholders, where farmers were asked to rate a series of statements. The first were about the relevance of different management goals, while the second were about key barriers to adoption. Factor analysis was used with each group to condense the responses into smaller number of underlying factors, using a cluster analysis process similar to that used by Emtage and Herbohn (2012) . Although the sample size is relatively small for a factor analysis at 55 respondents, the K-M-O statistic for each analysis was adequate (above .5), and the Barlett's Test was significant at the 1% level, indicating that a factor analysis was appropriate. The approaches are then compared to identify if categorization of landholders into groups is consistent. If membership of particular groups is relatively stable, it will facilitate more specific adoption strategies to particular groups.
The responses to the question about the relevance of different management criteria are shown in Fig. 3 .
Maximizing sugar production was the most highly rated management criteria on average in the survey. Across all landholders, 60% rated it at maximum importance (10) and 90% rated it 8 or higher. This was followed by maximizing profit with just below 50% of landholders rating it 10 and just below 85% rating it 8 or higher. The Factor Analysis was used to identify four groups of management focus (see Appendix One), with significant groupings summarized as follows:
Managing resources e these are the landholders who place importance on taking into account weather and soil conditions when making management decisions for efficient fertilizer and herbicide use, maintaining the natural resources on the property and keeping good records. Seven percent of growers identified most strongly with this group. Lifestyle and leisure e these landholders place importance on doing well enough in the business to stay on the land, maximizing leisure time and being respected by other growers. Only four percent of growers identified most strongly with this group. Profit and production e these landholders place importance on maximizing the production of sugarcane in the current year, maximising profit and minimising the chance of making a loss. This is the largest group identified, accounting for 71% of the growers surveyed.
Minimise costs e these landholders are focused on minimising costs and keeping good financial records, indicating that they are more cautious operators. The second largest number of growers identified most strongly with this group at 18%.
The second approach to categorising landholders focused on barriers to management. The results are summarised as average weightings in Fig. 4 , and show that financial factors were the most important barriers. High costs for capital investments had 40% of growers rating it at the maximum level of barrier (10) and over 75% rating it 8 or higher. The next most important factor rated a 10, was cash flow at just over half the proportion of high costs for capital investments. The least important factor was peer pressure to manage your farm in a conventional manner, with 40% of growers rating it 1 and over 65% rating it 3 or lower. Business management decisions are difficult and difficult to acquire more land were the next lowest rated limiting factors respectively.
As with motivations, four different factors were identified from the Principal Components Analysis (Appendix Two), as follows:
Non-business -these landholders place importance on barriers external to the running of the farming enterprise such as environmental regulation, business management decisions are difficult to make, concern over meeting environmental goals, family commitments, lack of information for minimizing environmental impacts in sugar farming and peer pressure to manage their farm in a conventional manner. Only five percent of growers identified with this group. Uncertainty e these landholders are focused on barriers which are a source of uncertainty in managing their business such as climate in both the long and near term and in selling markets. This was the second largest grouping with 27% of growers identifying with this group.
Finance and markets e these landholders placed importance on the financial barriers of concern over meeting financial commitments and cash flow. Uncertainty over selling markets also had a loading of over .5 for this grouping. The majority of growers (60%) identified most strongly with this category. Capital, Scale and Information e these landholders placed importance on the difficulty in identifying appropriate fertilizer and herbicide application, difficulty in acquiring more land, high costs for capital and lack of information for minimizing environmental impacts in sugar farming. Seven percent of growers identified most strongly with this group.
To identify any relationships or overlaps between the groups identified in each factor analysis, correlations of famer's scores in each factor grouping were correlated (Table 3) .
The results show that the group focused on profits and production were quite distinctive, with little correlation against any of the other factor groupings. In contrast, the other groupings for key motivations tended to be correlated with each other, suggesting that at a simpler level, the growers surveyed can be categorized into two groups: those who are primarily focused on profits and production, and those who have other key focuses. Correlations between the different factors for barriers were generally high, indicating that there is limited difference between growers surveyed in terms of barriers to adoption.
Correlations were also calculated for the factor groupings against information collected from the farmers about their years of experience, number of children, and off farm income. There was only one significant relationship at the .05 level and that was between experience and the motivation factor of minimising costs (.321). Older farmers tend to be less likely to invest in BMPs that require large amounts of upfront capital.
Other relationships that were positive and significant at the .10 level were between experience and motivation factors of managing resources (correlation coefficient ¼ .234), lifestyle and leisure (correlation coefficient ¼ .254) and the barrier grouping of nonbusiness (correlation coefficient ¼ .243). There was a negative correlation between off-farm income and experience at the .10 level of significance. This is consistent with younger farmers and their families being more likely to be involved in outside employment and business enterprises.
A key question is whether the categorization of landholders by different drivers (as measured by Factor scores) helps to explain rates of adoption. Tests for relationships between underlying factors on motivation and barrier factors against whether or not farmers had adopted different BMPs are shown in Table 4 . The cells that are shaded are significant (at a .20 level). Darker shaded cells show a positive relationship where landholders who score higher on a particular factor are more likely to adopt. Lighter shaded cells show a negative relationship where landholders who score higher on these factors are less likely to adopt. For example, growers who are identified under the uncertainty factor grouping are less likely to adopt variable nutrients rates between blocks, cover legume crops, precision and directed herbicide equipment and electronic records. Growers who are identified under the profit and production factor grouping are more likely to adopt low tillage, variable herbicide rate between blocks, electronic records and management plans.
The results show that there are limited relationships between the factor scores and the rates of takeup for different management practices. Most relationships are negative (light shaded cells). However the farmers who were identified as focusing on profit and production were more likely to be adopting four of the better management practices, suggesting that this group is engaged with proposals to reduce environmental impacts.
Farmers who were identified as perceiving that there were nonbusiness barriers to management, or who perceived that uncertainty of outcomes was a key barrier, were more likely to not adopt better management practices (four significant non-adoption practices for each group).
Characteristics of the enterprise
Theory about economies of scale suggests that the larger an enterprise is, the more efficient (cost savings in buying in bulk and owning equipment) and consequently, the more money available to invest in new technologies. In Hooper et al. (2007) this only applies convincingly to the gross margins of growers in the Burdekin region, and modestly to growers in the Mackay region. The gross margins in 2005-06 for growers producing between 15 and 30 kilotonnes in Far North Queensland were almost half that of growers producing both under 15 kilotonnes and over 30 kilotonnes. In line with this existing literature, our survey results identified a weak and insignificant positive correlation between size of property and the number of BMPs adopted. This is consistent with the findings from Knowler and Bradshaw (2007) that the overall impact of farm size on adoption is inconclusive.
Significance tests were conducted between key farm and individual characteristics on the one hand and whether or not landholders were adopting BMPs surveyed on the other. The results are shown in Table 5 as probability values from independent sample t tests. Medium shaded cells show a positive relationship between growers who answered higher on these questions and adoption rate of the corresponding BMPs and lighter shaded cells show a negative relationship between growers who answered lower on these questions and adoption rate of the corresponding BMPs. Growers who use a high proportion of their property for growing cane, have higher yields and higher commercial cane sugar (CCS) are more likely to adopt electronic records. Growers with high levels of succession planning are more likely to adopt variable nutrient rates within blocks and use knockdowns and strategic residual use for weed management. Growers with lower years of experience, lower yields and lower CCS are less likely to adopt management plans.
The results show that there are only limited relationships between enterprise characteristics and adoption drivers, similar to Note: Values are probability values from independent sample t-tests. Note: Darker shaded cells mean that group adopting the practice have a higher score on the relevant issue, lighter shaded cells mean that group adopting practice have a lower score on the relevant issue.
the results between personal characteristics and adoption drivers. Practices that had positive relationships to some enterprise characteristics included electronic records, variable nutrient rates and low tillage. Practices where more than one negative relationship was identified were sub-surface application of nutrients and management plans.
Net private returns
Farmers were asked specifically if different costs of practice change had large impacts on adoption (Fig. 5) . Averaged across all landholders, most growers identified that the nominated BMPs in the survey had no impact on operational costs, while some identified that costs were reduced. Only one BMP was identified as increasing production costs (electronic records). The rating of 'No impact' was even more pronounced for growers' perception or experience with BMPs on production/yields (Fig. 6 ). The main exception was for cover legume crops which had the highest rating for increases in production. Table 6 shows which constraints to adoption listed in the survey were most identified by landholders for each BMP. The BMPs are arranged in order of the total number of total constraints identified for each, with Variable nutrient rates within blocks, Use of precision and directed herbicide application equipment, Controlled traffic and low (reduced tillage) and Electronic records accounting for 19, 13, 11 and 10% of constraints identified respectively. 'High fixed costs' accounted for 43% of identified barriers in the survey. The next most identified constraint at 25% was 'Requires new skills and information'. 'Does not fit with my current farming system', 'Contractor needs to implement' and 'Not easy to trial' accounted for 14, 12 and 6% of constraints identified respectively.
Discussion and conclusions
The focus of the research reported here was to go beyond the standard identification approach to adoption drivers and demonstrate how the relative influence of factors influencing adoption could be measured in a case study setting. The results of this study identify limited heterogeneity around decisions to adopt BMPs. Consistent with the wider literature, a number of financial, attitudinal, personal and enterprise factors appear to be important in explaining whether or not growers have been adopting various best management practices. Three major conclusions are noted.
First, landholders can be categorized into different groups according to motivations and perceptions of barriers, and those groupings help to explain adoption decisions. The most distinctive grouping in our survey were farmers focused on profits and production, with little correlation against any of the other factor groupings. This group of farmers, which accounted for approximately two thirds of the sample, were more likely to adopt specific BMPs. For this group, it is likely that further adoption can be encouraged by demonstrating the production and financial benefits of particular practices. In contrast, the other groupings for key Note A: scale used 1= strongly agree; 3 = neutral; 5 = strongly disagree with the statements that it increases production costs, it decreases production of sugar and it makes production more variable. Note B: Shaded cells show significant differences between adopters and non-adopters.
motivations tended to be correlated with each other, suggesting they could be treated as a relatively homogeneous group (but different to the 'profits and production' group). These growers were more likely to perceive barriers to adoption (such as capital costs, higher risks, new skills required, contractors need to change), and to have adopted fewer better management practices. For this group, addressing particular barriers to adoption may be required. Second, financial factors are important drivers of adoption decisions, in part because these align with key motivations for the bulk of growers surveyed. The broad positive relationship between perceptions of the impact on productivity and profits against the number of better management practices adopted is shown in the Figure below (see Fig. 7) .
None of the BMPs tested in this study were identified as having a major impact on production or costs (apart from using electronic records, where 10% of growers considered that it would increase production costs). This is consistent with growers not identifying short-term impacts on profit as a barrier to adoption. However high fixed costs and the costs of capital investment were identified as important for some practices, while there were limited impacts on capital costs, production costs or production outputs identified for other BMPs.
Third, there is large variation in the drivers and barriers to adoption for different practices, as demonstrated in the summary in Table 7 . There was a significant difference between adoptors and non-adoptors for three practices in terms of expected economic returns (shaded in blue), and for eight practices for other barriers (shaded in red), with the relative importance of economic versus other barriers varying across practices. However, the most important barriers identified were similar across practices, including High fixed costs and Requires new skills the most important.
These results confirm that measures to improve BMP adoption are complicated by heterogeneity in adoption drivers between practices and across groups of landholders, creating challenges to find effective strategies to encourage adoption. Future monitoring and research is warranted in two key areas. The first is to plan and detail how adoption strategies can be tailored by practice and region to address particular needs and barriers. The second is to trial, record and evaluate different approaches to adoption, so that innovative practices can be found and assessed. Continued effort is likely to be required to achieve ongoing adoption of better management practices, particularly as attention moves from earlier adopters and farmers interested in practice change to those who may have different motivations and prefer to maintain current farming systems. 
